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(54) Method and apparatus for removing a pellicle frame from a photomask plate 



(57) A method and apparatus are disclosed for re- 
moving a pellicle frame (52) from a photomask plate (50) 
where the pellicle frame (52) is adhered to a surface of 
the photomask plate (50) by an adhesive material (64). 
Tension is applied to the adhesive material (54) by ap- 
plying force to separate the pellicle frame (52) and the 
photomask plate (50). A second surface of the photo- 



mask plate (50), opposite from the surface to which the 
pellicle frame (52) is adhered, is heated to raise the tem- 
perature of the adhesive material (54) and to raise the 
temperature of the photomask plate (50) greater than 
the temperature of the pellicle frame (52). The tension 
on the adhesive material (54) is then maintained until 
the adhesive material (54) releases the pellicle frame 
(52) from the photomask plate (50). 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] This Invention relates in general to the field of s 
photomasks and, nnore particularly, to a method and ap- 
paratus for removing a pellicle frame from a photomask 
plate. 

BACKGROUND OF THE INVENTION 10 

[0002] Photomasks are widely used in the semicon- 
ductor industry during photolithography steps of semi- 
conductor processing technologies. Photomask plates 
generally comprise a quartz t)lank having a patterned 
metal layer on one surface. Both surfaces of photomask 
plates are often protected from dust particles through 
the use of pellicle fiinns. Typically, the pellicle films are 
stretched across a pellicle frame which is adhered to the 
surface of the photomask plate. The pellicle film can so 
then keep dust away from the photomask plate surface 
without affecting the function of the photomask plate. 
During use, pellicle films can degrade, be punctured or 
othenAflse be damaged while the photomask plate re- 
mains usable. Because it is expensive to replace pho- 2S 
tomask plates, it Is desirable to remove the pellicle frame 
from the photomask plate and attach a new pelltole 
frame (this is sometimes referred to as re-pelling the 
photomask plate). 

[0003] A wide variety of adhesive materials can be 30 
used to adhere a pellicle frame to a photomask plate. 
However, pellicle frames are increasingly adhered to 
photomask plates using a solid adhesive gasket (SAG) 
adhesive material. The solid adhesive gasket is glue- 
like nriaterlal that hardens at ambient temperatures but 3S 
melts when heated to higher temperature levels, for ex- 
ample above 95° F. Generally, the larger the size of the 
photomask plate, the more adhesive material is required 
for adhering the pellicle frame. 
[0004] One method for removing pellkile frames is by 
using a small pry bar to pry the pellicle frame from the 
surface of the photomask plate. The pry bar has a 
curved end. The elbow of the curve rests on the surface 
of the photomask plate, and the end of the pry bar en- 
gages de-mount holes on the outside of the pellicle 
frame. The other end of the pry bar can then by used to 
apply force to the pellicle frame. This method works well 
with pellicle frames adhered with double-sided adhesive 
gasket tape. This method does not work well with pellicle 
frames attached using the solid adhesive gasket (SAG) 50 
material. Rather than crisply separating, as with tradi- 
tional gasket tapes, the SAG material stretches and 
elastlcally snaps back. Thus, the pry bar removal is gen- 
erally Inadequate for use with SAG. Further, use of the 
pry bar provides an obvbus opportunity to scratch or 
mar the surface of the photomask plate. 
[0005] Another conventional method for removing 
pellicle frames is to heat the entire assembly, both the 
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photomask plate and the pellk:le frame, in a warm bath. 
This causes the adhesive material to melt and al tow re- 
moval of the pellicle frame. However, when the pellicle 
franr^ is removed, the melted SAG material will often 
stream across the surface of the photomask plate. Any 
material remaining on the surface of the photomask 
plate clearly can destroy the usefulness of the photo- 
mask. Thus, while the bath method works to remove the 
pellicle frames, it is a relatively unclean and often leaves 
adhesive material across the plate surface. 
[0006] A further method is to heat the pellicle frame 
through a device that engages the -de-mount holes of 
the pellicle frame. This is sonr>ewhat better than the bath 
method, but the melted SAG material typically first re- 
leases from the warmer of two surfaces. Sy heating the 
pellicle frame, the pellicle frame is at a higher tempera- 
ture than the photomask plate. Thus, when the pellicle 
frame is separated from the photomask plate, the SAG 
material remains on the photomask plate. Again, this is 
problematic because the photomask plate needs to re- 
main clean and unblemished to be useful. 
[0007] Therefore, it is desirable to provide a way to 
remove pellicle frames adhered using SAG and other 
adhesive materials that cleanly removes the pellicle 
frame without danrtaging the surface of the photomask 
plate or leaving adhesive material residue. 

SUMMARY OF THE INVENTION 

[0008] In accordance with the present invention, a 
method and apparatus for renrioving a pellicle frame 
from a photomask plate are disctosed that provide sig- 
nificant advantages over prtor technologies for pellicle 
frame removal. 

[0009] According to one aspect of the present inven- 
tion, the method and apparatus are for removing a pel- 
licle frame from a photomask plate where the pellicle 
frame is adhered to a surface of ttne photonnask plate by 
an adhesive material. Tension is applied to the adhesive 
material by applying force to separate the pellicle frame 
and the photomask plate. A second surface of the pho- 
tomask plate, opposite from the surface to which the pel- 
licle frame is adhered, is heated to raise the temperature 
of the adhesive material and to raise the tenriperature of 
the photomask plate greater than the temperature of the 
pellicle frame. The tension on the adhesive material Is 
then maintained until the adhesive material releases the 
pellicle frame from the photomask plate. 
[001 0] A technical advantage of the present invention 
is that backside heating Is used to heat the photomask 
plate to a higher temperature than the pellicle frame. 
This allows the pellicle frame to be removed with the 
adhesive material separatirig from the photomask plate 
and remaining on the pelltele frame. This is particularly 
true where the adhesive nnaterial is a solkil adhesive 
gasket material. 

[0011] Another technk^ai advantage of the present in- 
vention is that the pellk:le frame is removed wltioutcon- 
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tact with the surface of the photomask plate. Thus, there 
is no scratching of the surface of the photomask plate. 
Additionally, the pellicle frame can be removed with sub- 
stantially uniform tension distributed around the frame 
to avoid unnecessary forces on the pellicle frame and 
the photomask plate, further, the tension can be rela- 
tively sn^ll yet successfully remove the pellicle frame. 
[0012] Other technical advantages should be appar- 
ent to one of skill in the art from the description, drawings 
and claims. 

BREF DESCRIPTION OF THE DRAWINGS 

[001 3] A more complete understanding of the present 
invention and advantages thereof may be acquired* by 
referring to the following descriptions taken in conjunc- 
tion with the accompanying drawings, in which like ref- 
erence numbers indicate like features, and wherein: 

FIGURE 1 a perspective view of one embodiment 
of an apparatus for removing a pellicle frame from 
a photomask plate according to the present inven- 
tion; 

FIGURES 2A. 2B, 2C and 2D are side-view dia- 
. grams of removing a pellicle frame from a photo- 
mask plate according to the present invention; and 
FIGURE 3 is a flow chart of one embodiment of a 

method for removing a pellicle frame from a photo- 
mask plate according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] FIGURE 1 a perspective view of one embodi- 
ment of an apparatus, indicated generally at 10, for re- 
moving a pellicle frame from a photomask plate accord- 
ing to the present inventbn. As shown, apparatus 10 
has a base 12 on which two support members 14 are 
attached. Base frame 12 also has support member 16 
and support member 17 attached thereto. In the Illus- 
trated embodiment, support members 14, 16 and 17 do 
not move with respect to base 12. A drive plate 18 is 
movably posit bned at the end of base 12 distal from 
support members 14, and a maskholder seat 20 is nrxDv- 
ably positioned between support members 1 4 and sup- 
port member 16. Maskholder seat 20 is formed to re- 
ceive a maskholder 22 which can be removed and can 
receive a photomask plate. MaskhoWer seat 20 is fixed- 
ly coupled to drive plate 1 8 via suppon posts 23. As 
shown, support posts 23 extend through and movably 
engage support member 1 6 and support member 17. A 
mask drive knob 24 is attached to a lead screw which is 
itself attached to support member 1 7 and drive plate 1 8. 
By turning drive knob 24. drive plate 18 and nnaskholder 
seat 20 move along the long axisof base 1 2. Mask drive 
knob 24 can be coupled to support member 17 using a 
loadcellsuch that the load cellcan measure the tension 
with which drive plate 18 opposes support menr^ber 17. 
This tension is used in the process of pellicle removal 



whk:h 4s described bek)w. Acontfoller 26can be coupled 
to the load cell and to other electronk: elements of ap- 
paratus 10 to provide control for those elen\ents as well 
as a display for showing measurements of those ele- 
£ ments. For example, controller 26 can include a heat 
lamp on/off switch and a display for showing separation 
tension measured by the bad cell. 
[0015] When holding a photonnask plate, maskholder 
22 is positKDned such that a pelficle frame to be removed 
10 is proximate support men^bers 1 4. A frame grasping as- 
sembly, indicated generally at 27. is then used to en- 
gage the pellicle frame. In the Illustrated embodinnent, 
frame grasping assembly 27 includes a number of com- 
ponents supported by support members 14. As shown, 
IS a plurality of engagement pins 28 are positk)ned proxi- 
mate the maskholder seat 20 and are used to engage 
de-mount holes of the pellicle frame. Support nr>embers 
14 then have a horizontal adjustment 30 which allows 
the engagement pins 28 to be nrK)ved horizontally with 
respect to one other. Further, a plurality of vertrcal ad- 
justments 32.aik:>w each of the four engagement pins to 
fc>e adjusted separately In the vertk^l direction. In addi- 
tion, springs 34 allow each engagement pin to be micro- 
adjusted once posit bned relatively close to the de- 
nrK)unt holes. In combinatbn, horizontal adjustment 30. 
vertical adjustments 32, and springs 34 allow engage- 
ment pins 26 to be positbrted near and engaged with 
de-nPKDunt holes in the pellcle irame to be removed from 
a photomask plate held by niaskhober 22. 
[0016] Once the pellble frame is engaged by frame 
grasping assembly 27, maskdrive knob 24 can be used 
to apply force to drive plate 18 and maskholder seat 20 
to separate them from frame, grasping assembly 27. 
This applies tension to the adhesive material between 
the pellk:le frame and the photomask plate. This tensbn 
can also be measured by the bad cell and shown on the 
display of controller 26. A heat source 38, such as the 
four heat lamp bult>s shown, is positioned between sup- 
port member 16 and maskholder seat 20 and is used to 
heat the photomask plate. In the illustratedembodiment, 
heat lamp bulbs 36 are conrtected to and controlled by 
controller 26. Further, an on/off switch for the heat lamps 
can be included in controller 26. In order to measure the 
temperature between heat source 36 and maskhober 
22, a thernxxoupie 36 can be positbrted between to 
nrveasure the temperature in that regbn. Thernrxxjouple 
38 can then provbe a signal tocontroller26 in order to 
allow a display of the temperature measured and to al- 
bw automatic control of heat -source 36. 
[0017] In operatbn, apparatus 10 is used to heat a 
photomask plate held in maskhoWer seat 22 to a tem- 
perature high enough to cause the adhesive material 
between the pellble frame and the photonnask plate to 
melt. In the case of a solid adhesive gasket material, the 
temperature is typically greater than 95* F. Because 
heat source 36 is closer to the photomask plate than to 
the pellicle frame, the photomask plate will be at a higher 
temperature. Consequently, the adhesive material will 
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release from the photomaskplate and remain on the pel- 
licle frame as the glue begins to melt. In the illustrated 
embodiment, separation is achieved by holding the pel- 
licle Irame stationary and applying force to move the 
photomask plate away from the pellicle frame. As the 
photomask plate becomes warmer than the pellicle 
frame, the adhesive material separates from the photo- 
mask plate and remains adhered to the pellicle frame. 
The photomask plate and pellble frame can then be re- 
moved as separate components. Overheating with heat 
source 36 can be prevented by controlling heat source 
36 using thermocouple 38 and controller 26. 
[0018] FIGURES 2A, 2B, 2C and 2D are side-view di- 
agrams of removing a pellicle frame from a photomask 
plate according to the present invention. As shown in 
FIGURE 2A, a photomask plate 50 has a pellicle frame 
52 adhered thereto using an adhesive material 54. For 
example, adhesive material 54 can be a solid adhesive 
gasket (SAG) material. Pellicle frame 52 can include de- 
mount holes 56. FIGURE 2B shows engagement pins 
26 engaging de-mount holes 56 of pellicle frame 52. Al- 
so shown, photomask plate 50 is heated from the back- 
side and force is applied to separate photomask plate 
50 and pellicle frame 52. In one implementation, pellrcle 
frame 52 is held in place by engagement pins 28, and 
photomask plate 50 is pulled away. The applied force 
produces tension on adhesive material 54, and adhe- 
sive material 54 begins to stretch as it begins to melt. 
[001 9] FIGURE 2C shows the removal process as ad- 
hesive material 54 begins to separate from photomask 
plate 50. Because photomask plate 50 is warmer than 
pellicie frame 52. adhesive material 54 first separates 
from the surface of photomask plate 60. The heat and 
tension is maintained to continue causing the adhesive 
material to release from photomask plate 50. As shown 
in FIGURE 2D, adhesive material 54 eventually sepa- 
rates completely from photomask plate SO and remains 
on pellicle frame 52. In this manner, pellicle frame 52 is 
removed from photomask plate SO leaving substantially 
all of adhesive material 54 adhered to photomask plate 
52. 

[0020] FIGURE 3 is a flow chart of one embodiment 
of a method for removing a pellcle frame from a photo- 
mask plate according to the present invention. In partk;- 
ular, the embodiment of FIGURE 3 involves the use of 
apparatus of FIGURE 1 . As shown in FIGURE 3. the 
photomask plate can be placed in the maskholder in 
step 60. In step 62, the maskhoMer seat of the appara- 
tus is then nxwed away from the engagement pins to 
insure clearance when the maskhoWer is inserted. In 
step 64. the engagement pins are moved to a wide sep- 
aration also to insure clearance for the pellk:le frame. 
The maskholder can then be inserted into the maskhold- 
er seat and kxked in place in step 66. At this point, in 
step 68, the maskholder (along with the photomask 
plate and the pellk:le frame) is moved towards the en- 
gagement pins until the de-mount holes are in substan- 
tially the same plane as the ends of the pins (which can 



have engagement hooks). The engagenr>ent pins are 
then moved in and adjusted, in step 70, to engage the 
de-mount holes on the pellicle frame. The pellicle frame 
is thus hekl by the frame grasping assembly, and the 
s photomask plate is held by the maskholder seat. 
{0021] In step 72, the photomask plate is moved away 
from the engagement pins until tension measured by the 
load cell begins to register on the display of the control- 
ler. In step 74, the heat source (e.g., heat lamps) are 
10 tumed on, and the photonnask plate is nrK>ved further 
away until a desired tension is reached (e.g., 30 pounds 
of tension). At this point, the photomask plate Is sbwiy 
moved to maintain the desired tensbn as the adhesive 
material begins to warm and melt. As the adhesive ma- 
15 terial melts, the tension will decrease slightly due to ex- 
pansion, stretching and release of the adhesive materi- 
al. Eventually, separatkDn will occur between the adhe- 
sive material and the photomask plate. In step 78, the 
photomask plate is moved away from the engagement 
20 pins until the adhesive material fully releases the pellk^le 
frame from the photomask plate. At this point, the heat 
source can be tumed off. In step 80, the photomask 
plate can then removed from the maskholder, and the 
pellicle frame can be removed from the frame grasping 
assembly. 

[0022] The backside heating albws the photomask 
plate to be heated to a higher temperature than the pel- 
licie frame. This altows the pellicle frame to be removed 
with the adhesive material separating from the photo- 
mask plate and remaining on the peltk;le frame. This is 
partrcularly true where the adhesive material is a solid 
adhesive gasket material. Also, the pellicle frame can 
be removed with substantially uniform tension distribut- 
ed around the frame to avoid unnecessary forces on the 
pellicle frame and the photomask plate. Further, the pel- 
licle frame can be rerrK)ved without contact with the sur- 
face of the photomask plate whk:h prevents scratching 
of the surface of the photomask plate. 
[0023] Although the present invention has been de- 
scribed in detail, it should be understood that various 
changes, substitutions and atteratk>ns can be made 
thereto without departing from the sphere and scope of 
the invention as defined by the appended claims. 



Claims 

1 . A nrtethod for removing a pellicle frame from apho- 
tomask plate, the peiricle frame adhered to a sur- 
face of the photomask plate by an adhesive mate- 
rial, the method comprising: 

applying tension to the adhesive material by ap- 
plying force to separate the pellicle frame and 
the photomask plate; 

heating a second surface of the photomask 
plateopposite f rom the surface to whk;h the pei- 
Ircle frame is adhered to raise the temperature 
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of the adhesive material and to raise the tem- 
perature of the photomask plate greater than 
the temperature of the pellicle frame; and 
maintaining the tension on the adhesive mate- 
rial until the adhesive material releases the pel- 
licle frame from the photomask ptate. 

2. The method of Claim 1. wherein applying tension 

comprises: 

inserting the photomask plate in a maskholder; 
inserting the maskholder into a maskholder 
seat, where the maskholder is positioned with 
the pellicle frame proximate a frame grasping 
assembly; 

engaging the pellicle frame with the frame 
grasping assembly; and 
applying force to separate the maskholder seat 
and the frame grasping assembly. 

3. The method of Claim 2, wherein maintaining the 
tension comprises continuing to apply force to sep- 
arate the maskholder seat and the frame grasping 
assembly. 

4. The method of Claim 3, wherein maintaining the 
tension further comprises keeping the tension at a 
substantially constant level. 

5. The method of Claim 3, wherein applying force Is 
accomplished by manually turning a drive knob. 

6. The method of Claim 1 , wherein heating is accom- 
plished using heat lamps positioned proximate the 
second surface of the photomask plate and oppo- 
site from the surface to which the pellicle frame is 
adhered. 

7. The method of Claim 6. wherein heating further 
comprises: 

measuring a temperature between the heat 
lamps and the photomask ptate; and 
controlling the heat lamps based upon the 
measured temperature. 

8. The method of Claim 7, wherein controlling com- 
prises maintaining the measured temperature at a 
substantially constant value. 

9. The method of Claim 7, wherein measuring is ac- 
complished using a thermocouple. 

10. The method of Claim 1, wherein the adhesive ma- 
terial is a solid adhesive gasket material. 

11. An apparatus for removing a pellicle frame from a 
photomask plate, the pellicle f ranne adhered to a 
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surface of the photomask plate by an adhesive ma- 
terial, the apparatus comprising: 

abase; 

s a frame grasping assembly coupled to the 

base; 

a maskhokier seat coupled to the base, the 
nnaskholder seat formed to receive a maskhold- 
er holding the photomask plate with the pellicle 
10 frame proximate the frame grasping assennbly; 

and 

a heat source positk^ned to heat a second sur- 
face of the photomask plate opposite from the 
surface to which the pellicle frame is adhered; 

1^ the frame grasping assembly operable to en- 

gage the pellicle frame; 
the maskholder seat operable to separate from 
the frame grasping assembly to apply tensk)n 
to the adhesive material; and 

20 the heat source operable to heat the second 

su rface of the photomask plate to raise the tem- 
perature of the adhesive material and to raise 
the temperature of the pfVDtonriask ptate greater 
than the temperature of the pellk:le franr^e; 

^5 such that the raised temperature of and the ten- 

sion applied to the adhesive material causes 
the adhesive material to release the pellk:le 
frame from the photomask plate. 

30 12. The apparatus of Claim 11 . wherein: 

the frame grasping assembly is fixed in place 
relative to the base; and 
the maskhokjer seat is movably coupled to the 
3S base. 

13. The apparatus of Claim 12, further comprising a 
drive knob coupled to the maskhober seat, the 
drive knob, when manually rotated, operable to 

40 move the maskhokjer seat. 

1 4. The apparatus of Claim 1 1 . wherein the heat source 
comprises heat lamps positkxied proximate the 
second surface of the photomask ptate and oppo- 

4S site from the suriace to which the pellble frame is 
adhered. 

15. The apparatus of Claim 14. further comprising: 

so a thermocouple to measure a temperature be- 

tween the heat tamps and the photomask plate; 
and 

a controller coupled to the thernrKXX>uple and to 
the heat lamps, the controller operable tocon- 
ss trol the heat tamps based upon the measured 

temperature. 

a thermocouple to measure a temperature between 
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the 

16. The apparatus of Claim 15. wherein the controller 
operates to maintain the measured temperature at 

a substantially constant value. s 

17. The apparatus of Claim 11, wherein the adhesive 
material is a solid adhesive gasket material. 



18. The apparatus of Claim 11, wherein the frame 
grasping assembly comprises: 
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a first support coupled to the base; 
a second support coupled to the base and po- 
sitioned spaced from the first support; IS 
a horizontal adjustment device extending be- 
tween the first and the second support; 
a plurality of vertical adjustment devices cou- 
pled to the horizontal adjustment device; and 
a plurality of engagement pins each coupled to 20 
one of the vertical adjustment devices, each en- 
gagement pin operable to engage a de-mount 
hole of the pellicle frame; 
the horizontal adjustment device and the verti- 
cal adjustment devices operable to move the 2S 
engagement pins to positions proximate the de- 
mount holes of the pellicle frame. 

19. The apparatus of Claim 13, further comprising a 
load cell coupled to the drive knob, the load cell op- 30 
erable to measure the tension applied to the adhe- 
sive material. 

20. The apparatus of Claim 19, furthercomprising a dis- 
play coupled to the load celL the display operable 3S 
to visibly show the tension measured by the load 
cell. 
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MASK IS PIACEO IN MASKHOLOEfi -^60 

--62 



MASKHOLOER SEAT IS DRIVEN BACK AWAY FROM 
PINS TO ENSURE PELLICLE FRAME CLEARANCE 



PINS ARE DRIVEN TO WIDE SEPARATION -ci 
TO ENSURE PEaiCLE FRAME CLEARANCE 



MASKHOLOER IS SLID INTO MASKHOLOER ^fig 
SEAT AND LOCKED IN PLACE 



MASK IS DRIVEN TOWARD PINS UNTIL OE-MOUNT 
HOLES ARE IN SAME PLANE AS PIN HOOKS 



-68 



PINS ARE DRIVEN IN AND ADJUSTED TO 
ENGAGE WITH DE-MOUNT HOLES ON PEIUCI£ FRAME ^70 



MASK IS DRIVEN AWAY FROM PINS UNTIL 
TENSION BEGINS TO REGISTER ON OISPIAY "^72 



HEAT LAMPS ARE TURNED ON AND MASK IS 
DRIVEN AWAY FROM PINS UNTIL TENSION 
REACHES DESIRED TENSION (E.G. 30 LBS) 



-74 



I 



MASK IS SLOWLY DRIVEN TO MAINTAIN DESIRED 
TENSION. AND WHEN PELLICLE ADHESIVE WARMS 
ENOUGH. SEPARATION WILL BEGIN TO OCCUR 
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MASK IS DRIVEN BACK fROM PINS UNTIL 
PELLKXE FRAME FULLY RELEASES FROM MASK. t^78 
HEAT LAMPS ARE THEN SHUT OFf 



MASK IS REMOVED FROM PUTEHOLDER. PELUCLE 

FRAME IS REMOVED FROM PINS 1^80 
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(54) iUlethod and apparatus for removing a pellicle frame from a photomask plate 



(57) A method and apparatus are disclosed for re- 
moving a pellicle frame (52) from a photomask plate (50) 
where the pellicle frame (52) is adhered to a surface of 
the photomask plate (50) by an adhesive material (54). 
Tension is applied to the adhesive material (54) by ap- 
plying force to separate the pellicle frame (52) and the 
photomask plate (50). A second surface of the photo- 



mask plate (50), opposite from the surface to which the 
pellicle frame (52) Is adhered, is heated to raise the tem- 
perature of the adhesive nriaterial (54) and to raise the 
temperature of the photomask plate (SO) greater than 
the temperature of the pellicle frame <52). The tensbn 
on the adhesive material <S4) is then maintained until 
the adhesive material (54) releases the pellicle frame > 
(52) from the photomask plate (SO). 
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